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The observed heaviest anti-nucleus so far is 4He which is found in relativistic heavy ion collider in
2011. The yield of 4Li is four times bigger than that of 4He according to the thermal model. From
previous scattering experiment, we know that the 4Li has a very short life time about 1.197×10−22s.
It decays into 3He and p. In experiment, the correlation function of p−3He will offer us a method to
observe 4Li by CPT symmetry. In this paper, we use the blast-wave model and Lednick-Lyuboshitz
analytical model to obtain a prediction of the correlation function of p − 3He with/without 4Li
decay in Au + Au collisions at
√
SNN = 200 GeV. The correlation function with
4Li decay is found
to exhibit a peak at k∗ ≈ 0.073GeV/c. The results offer a guide for the experimental search for 4Li
in relativistic heavy ion collision.
I. INTRODUCTION
Early studies on HBT correlation effects were con-
ducted in 1950s when Hanbury-Brown and Twiss (HBT)
used the intensity correlation between two photons to
measure the angular radius of stars [1]. Later on in high
energy physics experiments, the intensity of two particles
measured shows a correlation of transverse distances in
the four-dimensional space of momentum [2]. The mo-
mentum correlation of the two particles measured ex-
perimentally is related to the Fourier transform of the
phase space distribution function of the source [3]. It is
known that particles produced by resonance decay will
affect the correlation function of directly emitted parti-
cles [4, 5]. By measuring the correlation function of the
two particles from the resonance decay, the parent parti-
cle before the resonance decay can be found [6]. On the
other hand, searching for heavier antiparticles is always
a very interesting and important topic in cosmos rays
and heavy ion collisions since it helps to understand the
matter-antimatter asymmetry. In thermal model where
the collision system can be considered as a fireball at
an extremely high temperature, the production of light
(anti)nucleus can be described by the Boltzmann factor
e−|B|mp/T where |B| is the baryon number [7–9]. In Au
+ Au collisions at 200 GeV/c, rich information on quark
gluon plasma and its properties have been extensively
investigated [7, 10–12], and meanwhile the observation
of a couple of heavier anti-matter nuclei has brought
much attention. Specifically, the STAR Collaboration re-
ported the observation of first anti-hypernucleus, namely
(3ΛH) [13], as well as anti-partner of
4He, namely 4He
in 2011 [14], which is the heaviest anti-particle observed
so far. The production yield of the next stable antimat-
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ter nucleus is 6Li, which has about eight-order yield less
than that of 4He, therefore it is a big challenge to dis-
cover 6Li in current experiments [15]. However, for 4Li,
which has almost the same mass as 4He, its yield is about
4 times larger than 4He according to the blast-wave mod-
els. Comparing to 4He, 4Li is unstable and has a very
short life time. According to the symmetric property of
matter and antimatter, from the lifetime of 4Li, we can
get that the life time of 4Li is 1.197× 10−22s [16], and it
decays into 3He and p. The HBT correlation can provide
information on the distribution of substances in the later
stage of the reaction, which is also helpful to the study
of strong interaction forces [4, 17–21]. The STAR Col-
laboration has already measured the correlation function
of two antiprotons to extract the antiproton-antiproton
interaction parameters that describes the strong interac-
tion. It was found that the two parameters are identi-
cal between the matter and antimatter, thus providing a
clear evidence that the interaction of antiprotons is the
same as that between the protons [22], which is consistent
with the requirement of CPT symmetry. In this paper,
we use the same technique to calculate the correlation
function of p− 3He with/without 4Li decay in Au + Au
collisions at
√
SNN = 200GeV/c and shows a capability
to observe 4Li using the correlation function technique.
In addition to the real experimental measurement, it
is also useful to derive the correlation function and give a
guidance for experiment by simulating the process of high
energy heavy ion collision with various models [3, 23]. In
this paper the collision system of two nuclear beams will
be simulated through a blast-wave model [24], which can
generate events through a Monte Carlo simulation and
can deal with the resonance decay of emitted particles.
In Lednick-Lyuboshitz model, the weight due to the fi-
nal state interactions (FSIs) of each pair from the phase
space is calculated as the square of the properly sym-
metrizied wavefunction averaged over the total pair spin
and the distribution of relative distances of particle emis-
sion points in the pair rest frame [25–28]. For a pair of
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2particles composed of two particles, the calculation pro-
cess of the correlation function may vary with the va-
riety of particles [29–31]. The input parameters in the
model for p− 3He correlation function come from previ-
ous p− 3He scattering experiment [30, 32]. Thus we can
compare the correlation functions from phase space with
and without 4Li emission.
The paper is organized as follows. Section II briefly
reviews the definition of correlation function and the
method of obtaining correlation function in experiments
and theory. Here the blast-wave model is used to gener-
ate the phase space, and then Lednick-Lyuboshitz model
is applied to calculate the correlation function. In Sec-
tion III the correlation function of p − 3He is given and
the results are discussed. A summary is given in Sec. IV,
and experimental detect for 4Li is proposed.
II. THEORETICAL FRAMEWORK
A. Experimental correlation function
In high-energy heavy ion collisions, the probability
that one particle is detected by one detector while the sec-
ond particle is detected by another with respect to their
relative momentum between two particles might show a
correlation, which is also known as the HBT effect. This
effect is also one basis for studying the interaction be-
tween particles [14].
Experimentally the correlation function can be con-
structed by the ratio of the relative momentum distri-
butions of correlated and uncorrelated particles, and it
is influenced by quantum statistical effect and the final
state interaction of particles. This method is widely used
to study the space-time properties of emission source at
the fm scale. The two-particle correlation function in
experiment can be obtained from the following formula:
C(k∗) =
A(k∗)
B(k∗)
. (1)
Here k∗ = 12 (~p1 − ~p2) is half of the momentum difference
between particles in pair rest frame. A(k∗) is the k∗
distribution for correlated pairs from the same event, and
B(k∗) is the k∗ distribution for uncorrelated pairs from
two different events. Correlation function is sensitive to
size of emission source and interaction between particles
but not to the momentum distribution of a single particle
and the detection efficiency of the detector [33, 34].
B. Generating phase space
In blast-wave models, collision events are generated by
a Monte Carlo generator, then the phase-space distri-
butions of emitted particles are obtained for
√
SNN =
200GeV/c Au+Au collisions including the ground state
of 4Li [35]. In this model, relative coordinates and polar
coordinates are used to describe the position of particles.
The phase-space distribution of hadrons emitted from the
expanding fireball can be expressed as a Wigner function:
S(x, p)d4x =
2s+ 1
(2pi)3
mt cosh(y − η) exp
(
−p
µuµ
Tk
)
×Θ(1− r˜(r, φ))H(η)δ (τ − τ0) dττdηrdrdφ
,
(2)
where the distribution H(η) is related to the scale of fire-
ball in space-time rapidity, Tkin is the kinetic freeze-out
temperature. s, y, and mt are the spin, rapidity, and
transverse mass of the hadron, respectively, and pµ is
the four-component momentum. Equation (2) is formu-
lated in a Lorentz covariant way, r and φ are the polar
coordinates, and η and τ are the pseudorapidity and the
proper time, respectively.
In radial direction, emission points are equality dis-
tributed for:
r˜ =
√
(x1)
2
R2x
+
(x2)
2
R2y
< 1, (3)
with (x1,x2) standing for the coordinates in the trans-
verse plane and Rx,y being the average transverse radius,
i.e. Rx = aR, Ry =
R
a with R is the average transverse
radius of an ellipsoid fireball and a is spatial deformation
parameter.
Particles emitted directly from fireball contain stable
and unstable particles. The lifetime of unstable parti-
cles is stochastic according to exp(−Γτ) exponent in the
rest frame of the resonance, and all of them decay into
other daughter particles. In the case of two-body decay,
the momentum of generated daughter particles will be
obtained in the opposite direction from the dynamics of
two-body decay in the rest-frame of the resonance,
|~p1| = |~p2| =
√(
M2 − (m1 +m2)2
)(
M2 − (m1 −m2)2
)
2M
,
(4)
where M is the mass of mother particle, and indicators
1 and 2 represent two daughter particles.
The relative abundance of hadrons produced directly
is determined by the chemical equilibrium described by
temperature Tch, baryon number chemical potentials µB
and strangeness number chemical potentials µS :
ni(Tch, µB , µS) =
gi
2pi2
T 3chI(
mi
Tch
,
µi
Tch
) (5)
with gi is the degeneracy factor, and
µi = µBBi + µSSi, (6)
and
I(
mi
Tch
,
µi
Tch
) =
∫ ∞
0
dxx2[exp(
√
x2 +
m2i
T 2ch
−µSSi + µBBi
Tch
)∓ 1]−1 (7)
3with upper sign is for bosons and lower sign is for
fermions.
So the weight of each particle can be obtained as fol-
lows
ωi(Tch, µB , µS) =
ni(Tch, µB , µS)∑
i ni(Tch, µB , µS)
. (8)
From those above equations, we can get the weight
ratio of a group of particles is 4Li : 4He = 4.36. Deduced
from the ratio of 4He to 3He measured by the STAR
Collaboration is 3.2× 10−3 [14], we can get 4Li : 3He =
0.0148. On the other hand, in our final state phase space,
4Li decays into p and 3He (4Li → p + 3He) with the
width of 6 MeV [6].
According to the blast-wave model, the momentum in-
formation of the final hadrons is obtained. In the STAR
experiment, the tracks of particles are reconstructed by
the Time Projection Chamber (TPC). A preliminary es-
timate of the momentum resolution of reconstructed par-
ticles has been made [36]. According to the momentum
resolution of particles in TPC, we assume a momentum
resolution of 3% for p and 4% for 3He for the phase-space.
The emission source of high energy heavy ion collisions
can be considered spherically symmetric [37]. For central
Au + Au collision at
√
SNN = 200 GeV, the radius of
emission source is about 5-6 fm [38, 39]. We assume a
spherically symmetric Gaussian distribution source with
a radius of 5.5fm for the phase-space.
C. Lednick-Lyuboshitz model
Lednick-Lyuboshitz model calculates the correlation
function in a theoretical way. Firstly, the s-wave scat-
tering amplitude is obtained by
f (k∗) =
[
1
f0
+
1
2
d0k
∗2 − 2
ac
h (k∗ac)− ik∗Ac(η)
]−1
,
(9)
where f0 is the scattering length and d0 is the effective
range, which are two important parameters for describing
strong interaction.Ac(η) = 2piη[exp(2piη) − 1]−1 is the
Coulomb penetration factor where η = (k∗ac)−1 where
ac is the Bohr radius for p and
3He. And
h(x) =
1
x2
∞∑
n=1
1
n (n2 + x−2)
− C + ln |x|, (10)
where C = 0.5772 is the Euler constant, and
G˜(ρ, η) =
√
Ac (k∗) (G0(ρ, η) + iF0(ρ, η)) , (11)
where the (F0) is regular s-wave coulomb functions and
the (G0) is singular s-wave Coulomb functions. In the
p−3He pairs, the values of the parameters characterizing
the strong interaction are set to f
(1)
0 = 10.3 fm, f
(3)
0 =
8.2 fm, d
(1)
0 = 1.85 fm, d
(3)
0 = 1.68 fm [40], where superior
1 and 3 denotes singlet and triplet states, respectively.
Next according to approximation of the outer solution
of the scattering problem [41, 42], the equal-time reduced
Bethe-Salpeter amplitude could be calculated by
ψ
S(+)
−k∗ (r
∗) = eiδc
√
Ac(η) [e
−ik∗·r∗F (−iη, 1, iξ)
+fc (k
∗)
G˜(ρ, η)
r∗
] . (12)
Here F is confluent hypergeometric function and ρ =
k∗r∗, ξ = k∗ · r∗ + ρ.
With these terms, the weight of pair with r∗ and k∗
can be obtained as
w (k∗, r∗) =
1
2
∣∣∣ψS(+)−k∗ (r∗) + (−1)SψS(+)k∗ (r∗)∣∣∣2 . (13)
At last, the theoretical correlation function can be ob-
tained by
CF (k∗) =
∑
pairs δ
(
k∗pair − k∗
)
w (k∗, r∗)∑
pairs δ
(
k∗pair − k∗
) . (14)
III. RESULTS AND DISCUSSIONS
In this section, we present the results of the simulated
correlation functions for p − 3He with/without 4Li de-
cay. The correlation functions is calculated according to
Eq.14. As a useful contrast, the correlation function for
p− 3He derived from the phase space with/without 4Li
is also presented.
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FIG. 1: (Color online) The k∗ distributions for pairs from
same events are shown. The events with/without 4Li decay
are generated by the blast-wave model. The filled red circles
correspond to the phase space containing 4Li decay, and the
open black circles correspond to the phase space without 4Li
decay.
A. k∗ distributions of pairs from the same events
The phase space we used for the correlation func-
tion calculation is generated by the blast-wave model.
4To compare the difference between correlation functions
with/without 4Li decay, the corresponding phase space
is produced. Fig.1 shows the k∗ distributions from phase
space with/without 4Li decay. In the k∗ distribution that
containing 4Li decay, there is a peak at k∗ around 0.073
GeV. The difference will be reflected in the calculated
correlation function according to Eq. 14.
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FIG. 2: (Color online) The prediction of correlation functions
with/without 4Li for central Au+Au collisions at
√
SNN =
200 GeV. The red filled circles correspond to the correlation
function containing 4Li decay. The open black circles cor-
respond to the correlation function without 4Li decay. A
significant peak at k∗ around 0.073 GeV is shown for the cor-
relation function containing 4Li decay. Here the yield ratio
of 4Li : 4He is assuming 4.36.
B. Correlation function of p− 3He
Fig. 2 shows the prediction of correlation functions
with/without 4Li for central Au+Au collisions at
√
SNN
= 200 GeV. The effect of the Coulomb interaction be-
tween p and He dominates the correlation functions. The
size of our emitted source is relatively large due to the
central collisions, so the short-range strong interaction
between p and He has very little effect to our correlation
function. We expect that the strong interaction would
play more important role for the correlation function of
peripheral collision. The correlation function containing
4Li decay is shown as red filled circles. It shows a sig-
nificant peak at k∗ around 0.073 GeV comparing to the
correlation function without 4Li decay. The strength of
the peak is actually determined by the ratio of 3He and
4Li yield in our phase space. With larger relative yield
for 4Li, we would expect larger strength peak in our cor-
relation function. In principal, we can measure the 4Li
yield by measuring the correlation function of p − 3He.
As a contrast, we also show the correlation functions of
p − 3He with/without 4Li in Fig. 3. They show a very
similar structure as the p− 3He correlation functions.
Finally, due to the effect of coalescence [43] or detec-
tor efficiency, the yield of 4Li in real experiments may be
lower. So we discuss the correlation function when 4Li
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FIG. 3: (Color online) The correlation function of p−3He with
4Li decay is shown as red filled circles. The open black circles
correspond to the correlation function without 4Li decay.
yield is lower. In this case, we adjust the yield ratio of 4Li
to 4He is 1:1, and obtain the ratio 4Li : 3He = 0.0079.
Also by the same method, the correlation function is ob-
tained as shown in Fig. 4. From this, we can see that
there is still a weaker signal. This shows that the signal
decreases with the decreases of production rate of 4Li,
but it is still observable.
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FIG. 4: (Color online) Same as Fig. 2, but assuming the yield
ratio of 4Li to 4He is 1:1.
IV. SUMMARY
In this paper, we use the blast-wave model and
Lednick-Lyuboshitz analytical model to obtain a predic-
tion of the correlation function of p− 3He with/without
4Li decay in Au+Au collisions at
√
SNN = 200GeV . We
find that the repulsive Coulomb interaction dominates
the p − 3He correlation function for central collisions.
The correlation function with 4Li decay is found to ex-
hibit a peak at k∗ ≈ 0.073GeV/c. The result in this
paper offers a guide for the experimental search for 4Li
in relativistic heavy ion collision.
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